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(57) A method of reducing base station overloading 
consists of a series of sequential steps, beginning with 
reducing the decibel size of the handover window, base 
station exclusion, only one base station being excluded 



at a time, mobiles not in soft handover not being exclud- 
ed, and if more than one base station in the active set 
is overloaded, excluding the station which has the 
strongest received power from the active set. 
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Description 

[0001] The present invention relates to a link exclu- 
sion method for use during a soft handover in a cellular 
system of mobile radio communication. 

BACKGROUND OF THE INVENTION 

[0002] In mobile radio communication, one type of 
which is commonly referred to as a cell phone system, 
mobile users communicate with a fixed network by using 
base stations as a relay. Each base station may com- 
municate with any mobile userthat is within its radio cov- 
erage area, which is often called a radio "cell". When a 
mobile unit moves from one cell to the other, it then 
changes covering area and is no longer able to commu- 
nicate with the base station covering its former cell. 
[0003] A classical solution for not interrupting commu- 
nication while a mobile changes from one cell to another 
cell is called "handover". It consists in allowing a mobile 
that has begun communication with the network via a 
first base station to be connected to a second base sta- 
tion that will then serve to relay the communication to 
the network. This type of relay transfer is determined by 
the network based on many criteria. Most often, the cri- 
teria consist of passing on the relay from one base sta- 
tion, from which mobile is moving away, to a base station 
which it is approaching. But other criteria exist, as for 
example, when a cell becomes overloaded, the network 
may force a handover to a less overloaded cell. 
[0004] It is to be noted that during handover, synchro- 
nization problems may be encountered between both 
links when the time comes to transferto a new base sta- 
tion, which may cause undesirable effects on the com- 
munication between the mobile and the network. 
[0005] When the communication between the net- 
work and the mobile is not affected from the users point 
of view, the handover is referred to as a seamless 
handover. A type of seamless handover is often used 
by duplicating the communication between the mobile 
and the second base station. Once the communication 
is established and the synchronization problems are re- 
solved, the mobile is then in communication with both 
base stations (this is possible in overlap zones between 
cells), for a short moment and then the communication 
with the first base station is ended This is referred to as 
a"hard M handover, 

[0006] The procedure for establishing a hard hando- 
ver may take a while and during that period of time, it is 
possible that the criterion which leads to a handover 
may change, and that a new reverse handover may oc- 
cur. If the handover repeatedly occurs between two 
base stations a "ping-pong" phenomenon that may last, 
which is harmful to the quality of the link, the link not 
being completely established with the most appropriate 
base station. In other respects, this type of handover 
procedure requires signalling between base stations, 
which should be limited in orderto maintain useful infor- 



mation within the network. In order to limit the "ping- 
pong" effect, we may use an hysteresis, or time delay, 
when deciding to go ahead with a handover. But the hys- 
teresis will then involve a delay in the decision to com- 
5 plete the handover which may again be harmful to the 
quality of the link. 

[0007] Another version of handover exists which con- 
sist in preserving the former link for a certain period of 
time, according to a certain criterion- During that period 
of time, the communication is indeed reinforced by a 
phenomenon called macro-diversity: if one of the links 
suddenly weakens, for example when a mobile enters 
into a shade zone (corner of a building, bridge, etc.), the 
other link may not be affected and avoid a degradation 
of the communication. This type of handover is called 
"soft" handover, and brings a considerable profit in 
terms of quality of transmission in comparison to a hard 
handover. 

[0008] A classical way of performing a soft handover 
consists in comparing the power level received from dif- 
ferent base stations neighbouring the mobile station. It 
is then decided that the mobile station be in soft hando- 
ver with all the base stations so that their power level 
received by the mobile be in the range between the max- 
imum power level received and that power reduced by 
a factor which is determined in advance. This factor may 
be expressed in decibels, and that is what represents 
the handover window. The group of base stations with 
which the mobile is in communication represents what 
is called the "Active Set" of the mobile With other re- 
spects, since the mobile cannot support an infinite 
number of links, the size of the active set is limited. In 
this way, the impact of the soft handover is modulated 
by working with two parameters: the size of the active 
set and the handover window. 

[0009] The same type of ping-pong phenomenon oc- 
curs in soft handover as well as in hard handover. How- 
ever, the impact on the quality of the link is much lower 
since the windowing system of the soft handover is in 
itself a form of hysteresis. The ping-pong would even- 
tually be located at the input/output of the handover, but 
the impact would remain weak, since the strongest link 
would always be preserved. However in orderto avoid 
this ping-pong effect on the input/output of a Base Tel- 
ephone Station (BTS) in an active set, we may add an 
output criterion to the active set that may be looser, and 
therefore add a second hysteresis. The interest of such 
sophistication would then rest less in the concern of pre- 
serving the quality of the link (which from observation is 
by nature preserved by the actual principle of the soft 
handover), than the concern of reducing the signalling 
load in the network following a too large request for ad- 
dition or withdrawal of BTS within the same active set. 
[0010] In the soft handover situation, the communica- 
tion is then optimised by thecombination of signals com- 
ing from many different links. This combination may be 
done in many ways. For example, each of the links may 
be demodulated and decoded in an individual and reg- 
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ular manner, and at each moment, the best of them is 
selected to effectively participate in the communication. 
We then refer to the "selection combining". This tech- 
nique can be compared to an instant hard handover 
without having to previously negotiate, since the com- 
munication is available on all the links in the active set 
[001 1] An important variant of this combination tech- 
nique consists of a joint demodulation of the different 
links. Each linkthen contributes to the quality of the com- 
munication in proportion to the power received. This lat- 
ter technique, based on the "Maximum Ratio Combin- 
ing" allows taking better advantage of the gain in diver- 
sity induced by the soft handover, and is the technique 
status known under the name of "softer" handover. To 
be effective, this technique requires that the recombina- 
tion be done before the error corrector decoding, which 
is not always the case in the network up link. 
[001 2] It is to be noted that even if it is interesting from 
a radio communication quality point of view, soft hando- 
ver is not used in all mobile radio systems. In fact, it re- 
quires a duplication of radio resources that can increase 
the complexity and the mobile station's ability to receive 
two signals coming from more than two different sta- 
tions, on frequencies that are not necessarily the same. 
This is why in GSM(unknown acronym) for example, on- 
ly the seamless hard handover is useful. For other mo- 
bile radio systems, for example based on code division 
multiple access (CDMA), it is however possible to re- 
cover the two links from only one receiver. This is due 
to the fact that two adjacent cells may use the same fre- 
quency without causing one another too much harm in 
terms of interference, thanks to the nature of the spread 
spectrum signals that are used. 
[0013] In such CDMA systems, limited in terms of ca- 
pacity from the total level of interference, soft handover 
brings additional advantages. In fact, the number of links 
in the system becomes larger than the number of users 
in the system due to the soft handover, and with the 
same useful load, the effective load of the network be- 
comes largerthan in the case of the hard handover. This 
has an impact on the system capacity that, we are seek- 
ing to optimize. 

[0014] In other respects, we must differentiate the up 
link (mobile towards the network) from the down link 
(network towards mobile). In the case of the down link, 
the base stations in the Active Set must transmit a radio 
signal with a similar power, and interference is caused 
to the rest of the system cells, which tends to deteriorate 
the radio performance of the system. Also, the total pow- 
er radiated by each base station is inclined to increase, 
and the base stations may be getting closer to the sat- 
uration point and to their limit capacity. 
[0015] However, in the up link, the signal transmitted 
by the mobile station may be captured by many base 
stations without any changes, from a power point of 
view, transmitted by the mobile. On the contrary, when 
the soft handover is possible, the gain in performance 
is such that the power transmitted by the mobile be- 



comes weaker than if we would have used a hard 
handover. The soft handover provides improvements in 
the up link. 

[0016] An improved version of the soft handover ex- 
5 ists, which consists of transmitting to the down link only 
the link which we believe will be the best. The commu- 
nication is therefore duplicated from the network to- 
wards the base stations, but a mechanism is required 
to decide in a regular manner which is the link that is 
evaluated to be the best, before transmission between 
the base stations and the mobile. This system preserves 
the advantages of the soft handover in the up link (that 
is not changed), but mostly avoids any waste of the radio 
resources (which means to put more power) in the down 
link. This system is known under the name "Site Selec- 
tion Diversity Transmission" (SSDT) and is kept as an 
option of the UMTS(unknown acronym) system. 
[0017] The SSDT system is not completely satisfac- 
tory. In fact, since it is based on a link selection, it no 
longer implements the advantageous version of the 
"softer" handover that brings the best of gain that we 
can expect in the down link. In other respects, the link 
selection is made on an evaluation of the best link in the 
past. Therefore, this estimation can be distorted during 
its construction, it can be badly transmitted toward the 
network if it is done by the mobile, and mostly, it may 
not be up-to-date at the moment of transmission. And 
so, the selected link has a strong chance of not being 
the right one, which again deteriorates the performanc- 
es of the soft handover. Finally, it is to be noted that if 
the communication is not duplicated in the radio field, it 
still is duplicated in the network This means that some 
resources in the network are used to carry information 
that will not be used. It is in some way a waste of network 
resource. In the end, it is not satisfactory for an owner 
of a mobile radio network to delegate to his clients the 
responsibility of handling his radio resource. 
[0018] In brief, we realize at this point in time that 
there is no system which is completely satisfactory. 

STATEMENT OF THE INVENTION 

[0019] The present invention consists of a group of 
criteria to activate or disable the soft handover that will 
optimize the impact of the soft handover on the system 
capacity. With the traditional methods described above, 
the system capacity is limited by the number of mobiles 
in soft handover. An average of 37% of the mobiles are 
in soft handoverforawindowingsizeof 6 decibels. Thus 
in an aspect of the present invention the size of the 
handover window is reduced from 6 to 3 decibels. For 
a window of 3 decibels, the number of mobile units in 
soft handover goes down to 22%. We then see that we 
could gain up to 37/137 = 27% in capacity in the network 
if we would use a more appropriate handover window. 
[0020] In accordance with another aspect of the 
present invention, the method disclosed herein provides 
in the overloaded cells, a means to reduce the number 
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of mobiles in soft handover. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] First, the handover window used for each mo- 
bile depends on the load of the strongest base stations. 
Therefore, if we want to exclude a base station, which 
is close to the saturation point, from the active set of a 
mobile in soft handover, the handover window must be 
chosen at a lower ratio of power received between the 
strongest base station and the one coming from the sta- 
tion close to saturationThis would have an effect to also 
exclude from the active set the station with links a little 
weaker, but that would have been useful in helping to 
maintain the communication, where deterioration was 
anticipated to happen if the size of the active set was 
reduced. This idea is therefore not satisfactory from an 
operational of view. 

Second, it might sometimes be more effective to always 
use the same handover window, but to introduce an ex- 
clusion mechanism from the active set, of the cells likely 
to rapidly reach a saturation level. That is, in case of a 
BTS reaching its saturation point in power, to drop the 
links that are deemed undesirable for the concerned 
BTS, but not for the corresponding calls. 
[0022] This appears to be a known mechanism in mo- 
bile radio systems, known underthe name of "call drop- 
ping". In the case of a call dropping, the system may 
allow itself, in limited cases of non-stability, to abruptly 
end a call. This phenomenon of dropping is essential in 
the CDMA systems, because it is a matter of particularly 
unstable systems under strong network load. However, 
it must be known that the dropping is badly perceived 
by the network users. It corresponds to an abrupt cut of 
the communication, that is unpredictable by the user. 
[0023] A possible solution is simultaneously dropping 
calls to attempt to stabilize the network, and a criterion 
decision of input/output of the base station in the active 
set of each user. Unlike dropping, this does not abruptly 
end a communication when one of the base stations be- 
comes overloaded. It just maintains the links on the oth- 
er base stations, reducing the transmission power of the 
overloaded base station. 

[0024] A determination of when to decide to exclude 
a BTS from the active set of the mobiles in soft handover 
is made. Mobiles that are not in soft handover (in which 
the size of the active set is equal to one) must not be 
excluded. The mobiles that can be excluded, are to be 
excluded in priority to those for which this BTS is the 
least reliable. It is not necessary to exclude the links 
when the number of links in the BTS is below a prede- 
termined value. It is not necessary to exclude the links 
when the transmission power of the BTS is below a pre- 
determined value. Only one BTS may be excluded at a 
time from the active set We cannot completely remove 
an active set from all its BTS (this would be possible but 
would rather have to be administrated by another algo- 
rithm). When two BTS are overloaded and a mobile is 



in soft handover with its two BTS, we may choose to 
exclude the one in which the power received is the 
strongest When a BTS is excluded from the active set, 
it enters the Candidate Set. If subsequently this BTS be- 
5 comes less overloaded and it again enters in the hando- 
ver window, it will be able to be added to the active set. 
[0025] It is to be noted that the process of link exclu- 
sion of the BTS may be delicately cut with the blocking 
process, which operates in a similar manner, since it 
10 consists of excluding from the system the users deemed 
undesirable. Blocking consists in refusing a call to the 
network as soon as the call originates. This type of 
mechanism happens in a system of radio communica- 
tion, when for example the network becomes overload- 
's ed or when it cannot satisfy a high level of demand. 
Blocking is deemed less abruptthan dropping by the us- 
er, even if it is always unpleasant to be unable to contact 
the person we want to reach. 

[0026] Contrary to blocking, the process of link exclu- 
de sion in the active set of a user is transparent for the user. 
The services continues to go through on less overload- 
ed cells. 

[0027] It is therefore to be noted that in case of satu- 
ration of the system, it is judicious to firstly proceed with 
25 a mechanism of link exclusion in the active sets (as de- 
scribed above), before blocking calls, or dropping the 
excess calls. 

[0028] The above process to reduce the average 
number of mobiles in soft handover does not exclude 
30 other methods, such as the control of the maximum 
number of links in the active set, or the control of the 
handover windowing value. 



Claims 

1. Method of reducing base station overloading in an 
active set of a cellular phone system during soft 
handover of a mobile, characterised in that it in- 
cludes the step of reducing the decibel size of the 
handover window. 

2. Method of reducing base station overloading ac- 
cording to claim 1 , characterised in that it includes 
the step of excluding a base station from the active 
set the mobiles in soft handover. 

3. Method of reducing base station overloading ac- 
cording to claim 2, characterised in that the exclud- 
ing step is provided to exclude a base station that 
is overloaded. 

4. Method of reducing base station overloading ac- 
cording to claim 2 or 3, characterised in that the ex- 
cluding step is provided to exclude only the base 
stations least reliable and not to exclude the base 
stations for which the mobiles are not in soft hando- 
ver. 
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5. Method of reducing base station overloading ac- 
cording to one of the preceding claims, character- 
ised in that the excluding step is provided to exclude 
only one base station from the active set. 

5 

6. Method of reducing base station overloading ac- 
cording to one of the preceding claims, character- 
ised in that the excluding step is provided not to ex- 
clude all base stations from the active set. 

10 

7. Method of reducing base station overloading ac- 
cording to one of the preceding claims, character- 
ised in that if the active set contains at least two 
overloaded base stations, the excluding step is pro- 
vided to exclude the base station which has the 15 
strongest received power. 

8. Method of reducing base station overloading ac- 
cording to one of the preceding claims, character- 
ised in that it includes thestep of adding to the active 20 
set an excluded base station once it is no longer 
overloaded. 
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